Abstract. The Shimanto Supergroup of geosynclinal facies which ranges from Cretaceous to early Tertiary in age, is widely distributed in the outermost zone of Southwest Japan. Coeval volcanic and plutonic rocks are extensively distributed in the Inner Zone. The coarse clastic rocks mainly of sandstone occupy about a half of the Shimanto Supergroup, and a stratigraphic change of sandstone and conglomerate composition is recognized in the supergroup. The amount of rock fragments, chiefly acidic to intermediate volcanic rocks, increases upward throughout the Cretaceous sequence. Additionally, acidic tuff layers are frequently intercalated in the Late Cretaceous sequence. Conglomerates in the Late Cretaceous are very dominated by acidic volcanic rock clasts. The geosynclinal sedimentation of the Cretaceous Shimanto Supergroup proceeded with the coeval volcanism which became more active in the Late Cretaceous. The clastic sediments were supplied mainly from the sites of the volcanism. The volcanism corresponds to the Cretaceous volcanic activity in the Inner Zone of Southwest Japan. The Cretaceous Shimanto Supergroup may represent a typical forearc sedimentation in an arc-trench system.
Introduction
The Shimanto Belt occupying the outermost zone of Southwest Japan, consists of a large amount of geosynclinal sediments called the Shimanto Supergroup, ranging from early Cretaceous to early Miocene in age ( sidered that this region was the site of consumption of the oceanic plate (KANMERA and SAKAI, 1975; SUZUKI and HADA, 1979; DICKINSON, 1977; TAIRA et at., 1980) . In the supergroup, coarse clastic rocks such as sandstone and conglomerate occupy one-third to a half of the total sediments by volume. The composition of coarse clastic rocks should offer important information on the provenance and crustal movements especially in relation to igneous activity in the Inner Zone. The study area, the eastern margin of eastern Shikoku, is located in the central portion of the Shimanto Belt, and the strata exposed in this area have suffered less metamorphism and tectonic disturbance than those of other areas. Furthermore, sandstone and conglomerate are well developed. The stratigraphy and detailed description of coarse clastic rocks had already reported by the author (KUMON, 1981 (KUMON, , 1983 . In this paper, the author will discuss mainly the geologic significance of the upwardincreasing trend of rock fragments in sandstone throughout the Cretaceous sequence.
Geology
The Shimanto Belt in eastern Shikoku is divided by the Aki Fault into northern and southern subbelts. The Cretaceous strata of eugeosynclinal facies are distributed in the northern subbelt, and the early Tertiary of flysch facies occupy the southern sub belt (Fig. 2) . The northern subbelt is subdivided by two strike faults into three zones, namely the northern, central and southern zones, each represented mainly by the Akamatsu and Hinotani Formations, Taniyama Formation, and Mugi and Hiwasa Formations, respectively. The southern subbelt is also subdivided by two strike faults into three zones, each represented by the Kaifu, Naharigawa and Muroto Formations from north to south.
The geologic age of the Cretaceous has been fairly well determined by radiolarian fossils as shown in Fig. 3 . The Akamatsu Formation, about 1,500 meters thick, is dominated by muddy rocks accompanied by sand- Supergroup in eastern Shikoku. After KUMON (1983) . Fossil data are based on SUYARI et at. (1967) , NAKAGAWA et at. (1980) and KUMON (1983 and unpub. data The Taniyama Formation, about 2,000 meters thick, is composed mainly of muddy rocks accompanied by sandstone, chert, acidic tuff and *The zonation and name of the radiolarian assemblages follow those proposed by MAT-SUYAMA et al. (1982). greenstones. Its northern half (Tn) is fairly abundant in chert, and in contrast the southern half (Ts) is relatively rich in sandstone and acidic tuff. The precise relation between the two parts remains uncertain. The genuine age of this formation is inferred to be Turonian to Santonian, judging from the occurrences of a Dictyomitra formosa Assemblage (Turonian) and an Artostrobium urna Assemblage (Coniacian to Santonian) in the tuffaceous and black shales, although Tithonian to Cenomanian radiolarian assemblages were also discovered at places, derived from chert and red shale of exotic origin in this formation.
The Mugi Formation, more than 1,000 meters thick, mostly consists of muddy rocks associated with greenstones, acidic tuff and sandstone. The Hiwasa Formation which conformably overlies the Mugi Formation, is mainly represented by conglomerate, massive sandstone, and alternating beds of sandstone and shale. It is about 4,000 meters thick. The Mugi Formation is assigned to a late Santonian to Campanian age range on the basis of the occurrences of Gaudryceras (Vertebrites) sp. cf. kayei and Coniacian to Campanian radiolarian fossils (SUYARI et al., 1967; KUMON, 1981) . The Hiwasa Formation is estimated to be Campanian to Maestrichtian in age, judging from its great thickness.
The geological age of each zone becomes younger southward. The main depositional site may have migrated southward step by step. Homoclinal structure is dominant in each zone, although frequently faulted and occasionally folded.
According to KUMON (1983) , it was considered that most of the clastic sediments of Cretaceous age were transported by longitudinal currents from west to east or from east to west and by lateral currents from north to south, with the major source land situated to the north of the basin. One exception is the Nyunokawa Formation in the Kii Peninsula which seems to have recieved clastic sediments from a southern land source (KISHU SHIMANTO RESEARCH GROUP, 1977; HARATA et al., 1979) .
Conglomerate
Conglomerate composition gives detailed information on the source rocks. The compositions of the conglomerates in the Cretaceous are shown in Fig. 4 .
Several beds of pebble conglomerate, 0.5 to 1 meter thick, are intercalated in the Middle Member of the Hinotani Formation (Hm Mem.). The clasts of conglomerate are mostly granule to fine pebble in size and rounded to subrounded in shape. Sedimentary rocks such as sandstone, shale, chert and muddy limestone occupy more than a half of the total Only one bed of pebble conglomerate is intercalated in the Taniyama Formation. The clasts are mostly coarse pebble sized, rounded to subrounded, and scattered in muddy matrix. Acidic volcanic rock clasts are very dominant.
The conglomerates of the Hiwasa Formation are usually 1 to 10 meters thick, and rarely up to 100 meters. The clasts are mostly pebble to cobble sized, and rounded to subrounded. Boulder clasts are sometimes contained in them. Acidic volcanic rocks, namely rhyolite lava and tuff, are very predominant in the clasts. Clasts of welded rhyolite tuff are frequently found in them. Clasts of granitic rocks, sandstone and shale are commonly contained, but are small in amount.
Sandstone
Sandstone is one of the most dominant rocks of the Shimanto Supergroup, and can be examined successively throughout the geologic succession. Therefore, the mineral composition of sandstone is more useful than the conglomerate composition in discussing successive crustal movements in the hinterland.
In this study, specimens for examination were taken from massive, medium-to coarse-grained sandstone beds thicker than 0.5 meter. The modal composition was obtained by the counting more than 500 points in one thin-section for each specimen under the microscope (grid spacing 0.5 xI mm). The constituents are divided into monocrystalline quartz, polycrystalline quartz, plagioclase, potash feldspar, rock fragments of various kinds, "matrix" (including calcite and other silicate cements, and the grains smaller than 0.03 mm), and others consisting of heavy minerals, shale patches, etc.
The results are shown in Fig. 5 . As for the rock fragments in sandstone, a special examination was made on several selected specimens which are supposed to have nearly average mineral compositions for each formation (Fig. 6) . Most of the Cretaceous sandstones have more than 15 per cent matrix, and belong to a lithic or feldspathic graywacke classification. The framework grains are mostly angular to subrounded, and are moderately to well sorted. The difference between the mineral compositions of the sandstones can be clearly recognized among the formations.
Sandstones of the Akamatsu and Hinotani Formations are dominated by both plagioclase and potash feldspar, especially by plagioclase, and are poor in rock fragments. Intermediate volcanic rocks and granitic rocks comprise a relatively large part of the rock fragments component, although acidic volcanic rocks are most abundant. Sedimentary rock fragments such as shale and chert are also commonly contained. In the Upper Member of the Binotani Formation (Bu Mem.), the amount of rock fragments increases a little.
Sandstones of the Taniyama Formation are rich in rock fragments and relatively poor in feldspar. Some specimens are very poor in quartz. In the rock fragments component, acidic volcanic rocks are predominant, and sedimentary rocks such as shale and chert, and schistose rocks are commonly contained.
Sandstone of the Mugi Formation are fairly abundant in both feldspar and rock fragments, and seems to have an intermediate nature between those of the Hinotani Formation and the Hiwasa Formation described below.
Sandstones of the Hiwasa Formation are mainly dominated by rock fragments. Acidic volcanic rocks are predominant in the rock fragments component, and intermediate volcanics are also commonly contained in it. The sandstones of the lower part of the Hiwasa Formation (H2 Mem.) are relatively p00r in rock fragments, however.
Compared with the Cretaceous sandstones, the early Tertiary sand~ stones are heavily dominated by quartz, and are poor in rock fragments and matrix (Fig. 4) . They mostly belong to an arkose, and partly to an arkosic wacke classification. No significant difference of sandstone com~ position can be recognized between the Kaifu and Naharigawa Formations.
Implications oj the Stratigraphical Change of Clastic Rock Composition
The Cretaceous sandstone and conglomerate contain fairly abundant volcanic clasts and fragments of acidic to intermediate composition (Figs. 4, 5, and 6) . It is of particular interest that there is a distinct upward increase in the content of rock fragments, consisting chiefly of acidic to intermediate volcanic rocks, in the Cretaceous sequence, although with some fluctuations, however (Fig. 7) . The ratio of volcanic rocks also in~ creases upward in the rock fragments component. The conglomerates of the Late Cretaceous become predominated by acidic volcanic rocks which consist of rhyolite lava and often welded rhyolite tuff. From these facts it is concluded that compositional differences are related to the stratigraphic formations of the Cretaceous sandstones, as examined at various places in the Shimanto Belt MIYAMOTO, 1976; TERAOKA, 1977; OKADA, 1977; etc.) . Unfortunately, the geologic age of the sandstones examined are not very reliable in most caces, because of the lack of fossil evidence. The author, however, is positive that the stratigraphic change in sandstone composition can be roughly applied to the Cretaceous throughout the Shimanto Belt, because there is a tendency for sandstones in the northern zone of the Cretaceous subbelt to be rich in feldspar and poor in rock fragments, and in contrast those in the southern part to be rich in rock fragments consisting mainly of volcanic rocks. The strata in the Cretaceous subbelt seem to become younger southward zone by zone, as the cases of eastern Shikoku and Kii Peninsula show (KUMON, 1983) . The mineral composition of the Cretaceous sandstones from the median zone of Southwest Japan, that is, from the Onogawa Group in western Kyushu and the Izumi Group in Shikoku are shown in Fig. 8 . Sandstones of the Onogawa Group ranging from Cenomanian to Santonian in age are feldspathic, but contain considerable amounts of rock fragments in which acidic to intermediate volcanic rocks occupy about 60 per cent by volume (TERAOKA, 1977) . Sandstones of the Izumi Group ranging from Campanian to Maestrichtian in age, are rich in rock fragments in which volcanic rocks occupy 80 to 90 per cent by volume (NISHIMURA, 1976; TERAOKA, 1977) . This change of sandstone composition from the Onogawa Group to Izumi Group is concordant with the stratigraphic change of sandstone composition clarified in the Cretaceous Shimanto Supergroup, resulting from the change of the provenance nature.
As mentioned by KUMON (1983) , it is probable that violent volcanic activity in the hinterland took place in the Late Cretaceous age, and the volcanic products had a wide land cover. The volcanism should have produced a high topographic relief, and extensively destroyed the vegetational land cover. These factors would significantly increase the production of clastic sediments consisting cheifly of volcanic rocks (for modern example, KUENZI et al., 1979) . The clastic sediments of the Shimanto Belt had 
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F. KUMON been derived mainly from such volcanic sites, and hence formed a thick sequence. Violent volcanism seems to have begun in late Cenomanian or Turonian times, judging from the increasing proportion of rock fragments. Acidic tuffs which are medium-to coarse-grained and attain to several meters in thickness, are often intercalated in the Upper Cretaceous deposits. This fact also supports the existance of active volcanism near the basin.
It is evident that the sedimentation of the Late Cretaceous Shimanto Supergroup in eastern Shikoku had progressed contemporaneously with the violent volcanism in the hinterland, receiving much clastic sediment from the sites of volcanism.
Discussion
A similar stratigraphic change of sandstone composition mentioned above can be recognized in the Cretaceous Shimanto Supergroup in the Kii Peninsula (KUMON, 1983) . The model composition in the supergroup is also similar, although the time of the increase of volcanic rock fragments may be somewhat different.
According to MIYAMOTO (1980) , the regular stratigraphic change of sandstone composition is not so distinct in the Cretaceous sequences in the Chichibu Belt as that in the Shimanto Belt. The volcanic rock clasts and fragments, however, definitely increase in the Coniacian to Santonian strata, as represented by the Sotoizumi Group. Therefore, the Cretaceous strata distributed in Southwest Japan should be regarded as the sediments formed during progressively greater volcanic activity in the hinterland. The volcanism probably corresponds to the wellknown Cretaceous volcanic activity in the Inner Zone of Southwest Japan.
An intimate relationship between the sedimentation in the basin and the volcanism in the hinterland is found in the arc-trench system. For example, the clastic sediments of the Great Valley sequence in California ranging in age from late Jurassic to Late Cretaceous, were supplied from the Sierra Nevada magmatic arc to the east, during the same period (DICKINSON and RICH, 1972; INGERSOLL, 1979; MANSFIELD, 1979; and others) . DICKINSON and SEELY (1979) regarded it as a typical example of the forearc sediments in an arc-trench system. In the case of the Great Valley sequence, however, the amount of volcanic rock fragments in sandstone decreases upward as a whole. This fact indicates that the main volcanism in the source land had already ended before the major sedimentation took place in the basin. They also explained it as the result of an unroofing and dissecting process of the Sierra Nevada magmatic arc. It is important that the sedimentation of the Cretaceous in Southwest Japan proceeded with the contemporaneous volcanism in the hinterland, as represented by the Cretaceous Shimanto Supergroup. In the other words, the sedimentation of the Cretaceous had corresponded to the "roofing" process by volcanic rocks in magmatic terrane. The transition from the Cretaceous to the early Tertiary Shimanto Supergroup may be compared with the stratigraphic change in the Great Valley sequence (KUMON, 1983) .
Recently, NAKAZA WA et al. (1983) and KISHU SHIMANTO RESEARCH GROUP (in preparation) elucidated that in the Kii Peninsula, the Turonian to Santonian strata intercalate with the chert-greenstone olistostromes among the usual flysch units. They considered that the both sediments were formed in a trench or lower continental slope, and that the chert and greenstone were derived from submarine volcanic seamounts to the south. The Taniyama SUZUKI and HADA (1979) and TAIRA et at. (1980) . Therefore, the Shimanto basin and its hinterland seems to have formed an arc-trench system at least during the Late Cretaceous time. On the above-mentioned facts, tentative evolutional history of the Cretaceous Shimanto basin and its hinterland is illustrated schematically in Fig. 9 .
